Abstract This paper reports first results of the GMD project "User Interface Design Assistance (IDA)". The objective of this project is to develop computer based design aid tools for a human factor based user interface design. The reasons for concentrating on human factors are their increasing importance in the new European Economic Area and the lack of knowledge of the designers in the area of human factors. The design aid tools are integrated in a user interface management system (UIMS) to support the designers during the development process. The aim is to impart human factors knowledge for innovative user interfaces (e.g. object-oriented graphical interfaces; 3-D user interfaces; hypermedia user interfaces) to the designers. This will be done with the help of design aid tools, like a composition tool, a tutoring tool and a quality assurance tool. They are presented in some detail. First results have shown, that it is principally possible to realise such design aid tools.
HUMAN FACTORS BASED USER INTERFACE DESIGN

The Increasing Importance of Hwnan Factors
One reason for the increasing importance of human factors based user interface design is the new European Economic Area (EEA, consisting of EC and EFTA). To establish common working conditions for visual display terminal (VDT) users, the European Community published a "directive concerning the minimum safety and health requirements for VDT workers" [13]. The national governments of the EC members have to transform this directive into national law. In this process the European standardisation activities of the CEN (Comid Europkn de Normalisation) and the international standardisation activities of the IS0 (International Organisation for Standardisation) conceming ergonomic requirements for VDTs will have great influence. Especially the IS0 standard 9241 "Ergonomic requirements for office work with VDTs" [23] plays an important role [8]. In the future this standard will often be an integral part of software requirements specification. Therefore software designer will have to take the requirements and principles of this standard into consideration.
Does the software designer know how to apply standards like the IS0 9241 in the design process? Empirical results have shown that most of the software designers have no or only very limited knowledge about human factors [2, 3, 321. Therefore most of them were not able to apply standards from the area of human factors in the design process. In [3]
designers were asked what kind of support to they prefer to overcome their lack of human factors expert knowledge. A great amount of them said that they would prefer computer based design aids which should be integrated in their design tools (e.g. interface builder, Ulh4S). What they won't like is "paperware", e.g. manuals or technical reports with a great amount of written style guides or guidelines. So an important research goal in the area of interface design is to discover helpful, unobtrusive, structured, and organised ways to integrate the use of principles, guidelines, standards, style guides, and design rules into the design process without stifling creativity [19]. These research issues should include methods and tools for offering the designer assistance in understanding, searching, and applying design principles, guidelines, and standards. This leads to the question, what is the best presentation format for communicating design rules and how could we ensure that they will be observed?
User Interface Development Environments
To reach the goal designing human factor based user interfaces, the software designer needs excellent tools. especially for graphical and hypermedia user interfaces. These tools should allow the designer to concentrate on the design process and on the quality of the design results, e.g. usability. 
. DESIGN AID TOOLS FOR A HUMAN FACTORS BASED USER INTERFACE DESIGN
The increasing importance of human factors based user interface design, the lack of human factors knowledge of the designers and the availability of new user interface design tools were starting points for a new GMD project called "User Interface Design Assistance (IDA)". The objective of this project is to develop design aid tools for a human factor based user interface design. These design aid tools are integrated in a UIMS to support the designers of innovative user interfaces (e.g. object-oriented graphical interfaces; 3-D user interfaces; hypermedia user interfaces) during the development process. The aim is to impart human factors knowledge for innovative user interfaces to the designers. Therefore the designers should have direct access to the human factors knowledge from their development tool. The presentation of the design knowledge is based on object-oriented, multimedia and knowledge-based techniques. There are multifarious reasons for developing design aid tools for the user interface designers using a UIMS:
to overcome the lack of human factors knowledge of the designers ("training on the job"),
to overcome the resistance of the designers reading and using written guide lines, standards, etc. ("new design aids"), to reduce the costs developing user interfaces using predefined models ("reusability of software"), to assure easy of use of user interfaces ("usability"),
to guarantee the conformity of the user interface with standards and style guides ("quality assurance"). Fig. 1 shows three design aid tools that assist the designers during the user interface design using a UIMS ("new design aids"). These design aid tools are under development in the IDA project:
A composition fool to construct innovative user interfaces; based on a library of interaction objects and dia- 
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The GMD is starting cooperations with some companies to construct the design aid tools for specific application domains. For this purpose some workshops with members of companies, which are developing software applications and members of companies, which are developing UIMS were arranged. ' h e workshops are completed with interviews and field studies. The scope of the interviews and field studies is to determine, through observation and deduction, an operational model of what real interface developers presently do, as well as what they should be doing. The goal is to understand the day-to-day operational requirements and constraints placed on developers and the needs they have for methods and tools in the area of human factors based interface design. It's also intended to evaluated the usefulness and usability of the design aid tools in the realistic context of application domains of the co-operating companies. is on state of the art user interfaces (Gus). Our research activities during the IDA project we will be the basis to include new design principles and requirements for innovative user interfaces (e.g. 3-D, hypermedia).
Composition Tool
The composition tool supports the process of constructing the user interface and is based on a library. The content of the library is a collection of predefined generic and domain specific interaction objects and dialogue scripts. The generic interaction objects and dialogue scripts are application independent. Their "look" and "feel" is based on the principles of the "Human Factors Style Guide". The "look" and "feel" of the domain specific interaction objects and dialogue scripts is determined by the application domain, e.g. office system, telecooperation system, CSCW under consideration of the principles of the "Human Factors Style Guide". The idea behind is, that there is a real need for libraries of artefacts (interaction objects and scripts) that have been developed, tested, and refined to be shared within a given task domain, independent of software. This would lead to increased productivity by avoiding reinvention, by raising the level of abstraction in design work, and by providing necessary information to allow artefacts to be deployed successfully within interface design [ 191.
With the help of an information retrieval component (e.g. structural browser) the designers could search for a relevant generic or domain specific interaction object or dialogue script and use it as a part of the user interface. On the basis of predefined interaction objects and scripts the designers will be able to build the final interface ("reusability of software").
To construct the library an object-oriented mechanism is used. The interaction objects and scripts are designed as models or templates with the UIMS. Each model (object class) can transmit its "look" and "feel" to a specific interaction object (instance of this object class). If the designers chance the "look" and "feel" of a model, each "child will also chance its "look" and "feel".
In the lead time of this project we have designed a small library with the UIMSs "ISADialog Manager" and "XFaceMaker2" on SUN Workstations and on PCs. The library consists of a small set of interaction objects and scripts based on the Common User Access (CUA) of IBM. It was shown, that it is principally pssible to design such a library as a basis for a composition tool.
Advice and Explanation Tool
The advice and explanation tool presents the designers the human factors knowledge of the "Human Factors Style Guide" with the help of hypermedia documents and an expert system ("training on the job"). The knowledge is presented in a textual, graphical and animated form in the hypermedia documents. If the designers need support in the area of human factors design, they could get object-sensitive advise. After pressing a push button, they get advise when and how to use a specific interaction object and what should be the "look" and "feel" of this interaction object (advice level of the tutoring tool). If the designers wants deeper information, for example why the "look" and "feel" should be so. they get them in a hypertextual form, e.g. by double clicking the relevant advise information (explanation level of the tutoring tool). So there are two levels of tutoring available: the advise level with short information and the explanation level with deeper information.
If there exists a relevant model for an interaction object or a script in the library, the designers have the possibility to retrieve it from the library directly in the hypermedia document (link to the library).
A more active form of design support is based on the expert system. If the inference mechanism of the expert system de-tects some design deficits. a commentary is generated automatically. It shows the designers the analysed deficit and presents them the relevant human factors knowledge in form of a hypermedia document or shows them a relevant interaction object of the library. With the help of these instructions the designers could improve the user interface.
In the lead time of this project we have designed some hypermedia documents with the hypermedia system "DIDOT" (from ISA GmbH, Stuttgart) on SUN Workstations. The content of the hypermedia documents is based on the Common User Access (CUA) of IBM. It was shown, that it is principally possible to design such a tutoring tool .
Quality Assurance Tool
Tool Independence and Maintenance of the Design Aid Tools
An important requirement for the project is to realise tool independent design aid tools. In principle it should be possible to integrate the design aid tools in each C-based UIMS.
Therefore different UIMSs will be used as platforms for the integration of the design aid tools, e.g. the "XFaceMaker2" (from Concept asa, Frankfurt and NSL, Paris), the "ISA/Dialog Manager" (form ISA GmbH, Stuttgart). The control program IDA controls the communication and the data flow between the UIMS and all the design aid tools. So there is a clear interface between different UIMSs and the design aid tools. IDA is also responsible for the co-ordination of the different design aid tools. If for example the quality assurance tool detects a deficit IDA got a message to activate a relevant hypermedia document of the tutoring tool at the interface between the designer and the different design aid
The quality assurance tool evaluates the c0nfo"ce of the edge is based On the 'IHuman Factors Sty1e Guide" and is represented in a knowledge base of an expert system with the help of rules, frames and constraints [26, 40, 461. The user interface with h "
factors howledge-The knowl-. advise or explanation level. Therefore IDA acts also as an expert system uses the results of the user interface design process as an input and analysis -with the help of the knowledge base and an inference mechanism -the conformance of the user interface with the human factors knowledge ("quality assurance"). The results of the evaluation are comments that show existing deficits and give the designers some advise and explanations to improve the user interface. For this purpose the expert system activates the relevant topics in the tutoring tool or a relevant interaction object in the library. The use of the quality assurance tool is based on the assumption that the designers will use a prototyping approach [W. After each design cycle the user interface prototype will be evaluated by the quality assurance tool: In the next design cycle all detected deficits can be removed.
In the lead time of this project we have evaluated some expert system shells for the purposes of this project [MI. We use a C/C++ based expert system shell (ProKappa from Intellicorp), because we have strong performance and portability requirements. We have built a small knowledge base -based on the Common User Access (CUA) -to demonsrrate the possibility to analyse user interfaces with the help of an expert system. We use an analytic critic approach [15], which checks products with respect to predefined features and effects. In analytical approaches, critics do not need a complete understanding of the product. The quality assurance tool uses a set of rules to identify undesirable features among user interface units, but it does not identify all possible problems within user interface design. Its rule base allows it to criticise user interfaces without exactly knowing the requirements and preferences of the user interface designer.
Another important feature from IDA is the support of the maintenance of the human factors knowledge in the different design aid tools. For this purpose a maintenance module (e.g. a structural browser based on a data dictionary and a meta data base) shows the designer where the knowledge is situated. If chances are necessary or new knowledge should be included the designer could see where the knowledge is located or should be included. In the data dictionary and the meta data base all necessary maintenance information is saved. The research issue to be addressed here is the search for entirely new approaches to design representation, techniques, and methods. They must be based on sound principles (e.g. abstraction, step-wise refinement) that have been successfully applied in the area of software engineering. They also should be based on a model that bridge the gap between the task-oriented behavioural world of the user and the constructional object-and toolkit-oriented world of interface software. We think that the new object-oriented paradigm in the area of software engineering offers a good chance for bridging this gap. This assumption is based on the fact, that modem graphical user interfaces (GUIs) also use the object-ori-ented paradigm (e.g. X-Toolkit). The idea is to map, in a straight forward way, the application objects, attributes and methods (services) of the application development to the interaction objects, icons, windows, choices, and user interactions of the interface development. The aim should be to come to one general method for the whole development process. Therefore we are planning to integrate the use of the design aid tools in an object-oriented development life-cycle [4,9, 10, 381.
Design Aid
SUMMARY
In the future a software development environment (e.g. CASE Tool) should contain both, a user interface development environment (UIDE) and an application development environment (ADE). Both environments will contain common tools including programming language compilers, linkers, loaders, debuggers, code analysers, configuration version control managers, and documentation tools. Each development environment will also contain special tools. This paper concentrates on tools and facilities that are unique to the UIDE. In an ideal UIDE the following tools and facilities should be included [27]:
Tools for specifying user interfaces
Libraries of reusable software
Guidelines and advisers
Tools for evaluating user interfaces
Today commercial UIDE normally includes only tools for specifying user interfaces and in some innovative UIDE you can also find libraries with limited use. In this paper we present some ideas how we can reach a real UIDE including sophisticated libraries of reusable software (composition tool), guidelines and advisers (advice and explanation tool) and tools for evaluating user interfaces (quality assurance tool). We called our tools design aid tools, because their primary focus is not to support the design process (like editors) but to give the designers some advice and evaluation during the design process. We are sure that with the help of such design aid tools the aim "to construct more usable innovative user interfaces" could be reached.
